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1
INSTRUMENTATION

1.1 INTRODUCTION

The QM-8 Test Article included instrumentation similar to that used on previous static motors and
subscale test articles. Instrumentation was installed on the test article per Drawing 7U75880.
Figures 1.1-1 through 1.1-7 show instrument locations. Table 1.1-1 summarizes the
instrumentation on QM-8. See Appendix A for instrumentation list.

1.2 OBJECTIVES

QM-8 was instrumented to collect the engineering and motor performance data necessary to

evaluate the following objectives.

Qualification Objectives

BB Certify the operation and installation of the motor chamber operational pressure
transducer.

BW Certify that structural and electrical bonding meet the requirements in all areas except the
area of lightning protection.

BX Certify that static electricity and lightning protection meets the requirements.

BZ Certify structural minimum safety factor for the adhesive bond for DFI/OFI/GEI

1.3 CONCLUSIONS/RECOMMENDATIONS

Overall, the instrumentation performed well with the exceptions noted in Table 1.3-1.
Instrumentation installation was successfully completed and performed as expected.

The instrumentation test objectives were met (Vol I, Sec 4). The operational pressure
transducer was installed and performed properly. The structural and electrical bonding met the
requirements. The lightning protection system was included in the low-pressure transducer
installation, but the function of the system cannot be tested on full-scale test motors. The
requirement to pull test the accelerometer fairings was deleted because of interference with the
rounding rings used for motor disassembly. The low-pressure transducer fairing and low-pressure

pick-up fairing will be pulled to failure when the forward segment is shipped to H-7.

Twelve gages were declared anomalous after the static test. Table 1.3-1 shows the anomaly
list.
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Figure 1.1-4. QM-8 Case-to-Nozzle Joint Instrumentation
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Table 1.1-1. Instrumentation Summary

Type of Area of Number of
Instrumentation Investigation Channels
Accelerometer Nozzle and case vibration 39

(A) TVC vibration and shock
Extensometers Unreinforced membrane 29
D) Motor sag nozzle position
axial growth
Proximity Exit cone bondline separation 3
1))
LVDT Field joint movement 3
D)
Dog Bone Nozzle joint movement 6
(D)
Voltage TVC and side load 15
(E)
Force Side load 3
F)
Current TVC system 11
0
TVC Interlock TVC system 6
(K)
Microphones Forward segment 12
(N) Center segments
Aft segment
Pressure Chamber pressure 36
®) Igniter pressure
Chamber oscillation
Case-to-nozzle joint
Nozzle internal joint No. 4
Boot cavity
TVC system
Side load
Water deluge
Strain Gage Case line loads 218
(S&R) ETA ring effects
Nozzle component
Aft dome/fixed housing
Pressure drop-in bond
Joint radial growth
Aft exit cone growth
Case-to-nozzle expansion
Case-to-nozzle joint skip/rotation
REVISION oocno.  TWR-17591 l vor [X
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Type of
Instrumentation

Strainserts°

(R-radial)
(S-axial)

Temperature

(D

Event

REVISION

89719-2.2

Area of
Investigation

Case-to-nozzle joint bolt loads

External joint

TVC system

Slag

Exit cone temperature
Case-to-nozzle joint
Igniter joint
Igniter grain
Propellant grain
Field joint heaters
Boot cavity

Nozzle components
Bondline

Case skin

S&A joint

Free air

Bay temperature

Primary ignition
TVC system

Total

Table 1.1-1. Instrumentation Summary (Cont)

Number of
Channels

pocNo. TWR-175691

16

186

14

597
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Parameter No.

A000427
D000323
D000772
D000773
D000568
D000900

R000303
5000489
5000878
X000001
T000152
P000599

SAPM001

SAPM002

Table 1.3-1. QM-8 Anomaly List

Symptom

No data
No data
Bad data
No data
No data
No data

No data
No data
No data
No data
No data

No data
after 6 sec

Data after
T +20 sec

No data

Remark

Broken cable

Bad bus control unit (BCU)
Sticky probe

Bad ac LVDT

Broken lead wire

Gage damaged during snubber
installation

Shorted to case

Open gage

Open gage

Unknown

Unknown

Shorted cable

T-0 established by correlation

with motor pressure trace
Bad cable
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It is recommended the boot cavity instrumentation be used again on subsequent full-scale
motors. Due to the instrument failures encountered in the boot cavity, an effort needs to be made
to expand the data base and correlate the good data acquired.

1.4 INSTRUMENTATION DISCUSSION

There were 597 channels of instrumentation installed on the motor, including pressure, force,
acceleration, displacement, strain, and temperature gages. All instrumentation that penetrated the

pressure vessel remained tight and showed no evidence of blowby.

An LVDT was located in each of the field joints at 45 deg (Figure 1.4-1). The LVDT in the
aft field joint, D000773, went bad during the test. The LVDT in the center field joint, D000772,
had a sticky probe and did not follow joint movement properly. The LVDT in the forward field
joint, D000771, performed properly.

Pressure transducers were located in the head end of the motor, case-to-nozzle joint leak
check port (Figure 1.4-2), internal nozzle Joint 5, and in the boot cavity. All pressure transducers
performed well with the exception of P000599, which was located in the boot cavity. Output from
P000599 was lost at T+6 sec due to a shorted cable. Three other pressure transducers were
located in the boot cavity. P000600, which was the same type as P000599, performed for the full-
test duration. The data for PO00600 after 6 sec are questionable, however. P000600 and P000599
were in the same exitation circuit, and the failure of P000599 at 6 sec may have effected P000600.
SAPMO001 and SAPM002 were the stand-alone pressure measuring devices furnished by Johnson
Space Center (JSC). The stand-alone gages appeared to be in good condition after removal from
the boot cavity. These gages were sent to JSC from data recovery. Only one stand-alone gage had
any recoverable data, and this data was only good after T+20 sec. Gages that were deleted before
the QM-8 static fire are listed in Table 1.4-1.

REVISION oocno. TWR-17591 I vo. X

SEC I PAGE

89719-1.3



MORTON THIOKOL. INC.

L2 29910V

leonpsuel] eInsseld JUIOf 8|ZZON-O1-8se)) 'Z-p°} ainbid
s
8
>
&
g
b
\0
(g
Ha - i
P Sty — Bap 0p 1€ jeoidAL o=
o >
0]
_ g
] Qlo
20JAN g1
juied enbioy |
| / eBuL-0
8JIMY00T] , .
Jeonpsues) |\‘
einssald
g
o
]
o
Q.
o
m :
a2 S
v &



MORTON THIOKOL. INC.

Space Operations

APPENDIX A
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